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a b s t r a c t

NiO microspheres with well-defined hollow structure were successfully obtained using spherical yeast as
a natural bio-template. The as-prepared samples were characterized by X-ray diffraction (XRD), scanning
electron microscopy (SEM) and transmission electron microscopy (TEM). The morphologically uniform
NiO hollow microspheres prepared with yeast template after calcination had an averaged diameter of 1.5
e2 mm and the shell thickness of ~500 nm. The concentration of Ni(NO3)2, calcination temperature and
aging time play important roles on the crystal phase and morphologies of the NiO hollow microspheres.
Meanwhile, the NiO/C hollow microspheres were successfully fabricated via a simple hydrothermal
method using glucose as carbon source. A possible formation mechanism of forming NiO/C hollow
microspheres was proposed and the electrochemical performance of the NiO/C hollow microspheres as
anode material for Li-ion batteries was investigated. Compared with the samples prepared without
template or without carbon coating, the as-prepared NiO/C hollow microspheres show higher discharge
capacity and better cycle performance as an anode material in Li-ion batteries.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The micron and nano structures with hollow interiors have
attracted considerable interests in recent years due to their low
density and large specific surface area [1], which endow themwith
great potential applications as catalysts [2], batteries [3,4], ther-
moelectric power generator [5], chemical sensors [6], intelligent
sensing [7e10], and electromagnetic interference (EMI) shieling
[11,12] in many practical fields including environmental protection
[13,14], energy storage [15], catalysis [16e18], adsorption [19] and
biomedicine [20]. Template-directed method [21,22], which is a
traditional and simple way of producing hollow nanostructures,
o), jrliu@sdu.edu.cn (J. Liu),
Z. Guo).
has beenwidely used. Compared with traditional templates such as
polystyrene latex (PSL) [23], porous anodic aluminum oxide
membrane (AAO) [24,25], CaCO3 [26,27], carbon spheres [28] and
carbonaceous polysaccharide microspheres [29], the biological
templates [30] are economical, safe and environment friendly.

A series of methods have been developed by using microor-
ganisms as templates for the preparation of inorganic hollow
spheres. For example, Zhang et al. prepared ZnO/CdS hollow
spheres by employing Bacillus subtilis as templates [31]. Lim et al.
fabricated multiphasic hollow rods, which consisted of nanoscale
Sn-based materials by using bacillus subtilis as templates [32]. Yang
and co-workers prepared Au nanowires by employing escherichia
coli as templates and used CTAB as the surface active agent [33].
From the above methods, it can be seen that both dead and living
cells are able to bind metal cations through coordination or elec-
trostatic attraction because of the retention of bio-functionality and
active biomolecules on the cell walls. Moreover, the roughly
spherical shape, renewability and enormous quantity make them
good candidates as templates to form hollow spheres.
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Nickel oxide (NiO), an important P-type semiconductive tran-
sition metal oxide, has received considerable attention and
attractive applications in various fields [34], such as catalysts [35],
gas sensor materials [36], drug delivery [37] and fuel cell electrodes
[38]. Especially, just like most of the transition metal oxides, it
could also be used as anode materials for lithium ion batteries
(LIBs) [39,40]. Compared with commercially graphite anode, these
materials possessed much higher theoretical specific capacity
(720mAh g�1) [41]. However, its large-scale use in LIBs is mainly
limited by the large expansion in volume, serious aggregation or
pulverization of active particles during charge-discharge, and its
poor conductivity [42]. Many efforts have been tried to solve these
problems, such as coating carbon materials, doping ions and
controlling the morphologies of materials [43e45], all of these
aimed to improve the structure stability or conductivity. NiO coated
carbon materials were composed and applied widely in the other
fields, such as Liu et al. prepared hierarchical flower-like NiO/C
composite as supercapacitors [46]. Yang et al. composed NiO/C
nanofiber composites derived frommetal organic framework fibers
as electrode materials [47].

In the present work, yeast was selected as the bio-template to
control the morphologies of NiO materials. And a carbon-coating
was introduced to further improve the stability of NiO. The yeast
templates are known available in large quantities and easy to be
produced, the reactive functional groups on the cell walls make
them be a template possible [48]. To the best of our knowledge,
there is no article on the synthesis and application in anode
material for Li-ion batteries of NiO/C hollowmicrospheres prepared
using yeast as the template. The NiO/C hollow microspheres were
successfully obtained by using yeasts bio-template and glucose as
carbon source. The as-prepared NiO/C hollow microspheres were
used as anode material for Li-ion batteries. In order to test the
charge/discharge capacity and cycling performance, charge-
discharge measurements were carried out using a battery test
system (LAND CT2001A model). The as-prepared NiO/C hollow
microspheres exhibited a higher capacity and greater cycling sta-
bility compared with the samples prepared without templates or
without carbon coating.

2. Experimental

2.1. Materials

Nickel nitrate hexahydrate [Ni(NO3)2$6H2O], ammonium
hydrogencarbonate (NH4HCO3), glucose and absolute ethanol were
provided by Tianjin Benchmark Chemical Reagent Co. Ltd. (Tianjin,
China). Ethylene carbonate and diethyl carbonate were provided by
Tianjin Jinniu Power Sources Material Co. Ltd. (Tianjin, China). All
reagents were analytical grade and without further purification.
The instant dry yeast was purchased from Angel Yeast Co. Ltd and
washed with distilled water before usage.

2.2. Preparation of NiO hollow microspheres

The NiO hollowmicrospheres were prepared by a facile method.
Typically, 0.5 g yeast was dispersed into 40mL distilled water. Then,
Ni(NO3)2 (5mL, 0.5M) solution was added into the above solution
and stirred for 1 h at room temperature. After that, NH4HCO3

(5mL, 0.5M) solutionwas dropped into the reaction mixture under
continuous magnetic stirring. The solution was allowed to proceed
for another 1 h and then maintained at room temperature for 12 h.
Finally, the products were centrifuged and washed with distilled
water and ethanol for several times to remove excess reactants.
After that, the products were dried at 60 �C under atmospheric
conditions and calcined at 600 �C for 2 h to remove the biological
cells. Thus, the NiO hollow microspheres were obtained. Mean-
while, the NiO nanoparticles were fabricated without template
through the same method for comparison.

2.3. Preparation of NiO/C hollow microspheres

A simple hydrothermal method was used to synthesize NiO/C
hollow microspheres. Typically, 0.3 g as-prepared NiO hollow
microspheres were dispersed in a certain concentration of glucose
solution (0.20M, 30mL) by ultrasonication and then stirred for
30min at room temperature. Afterward, the resulting solution was
sealed in a 30mL Teflon-lined stainless steel autoclave and main-
tained at 180 �C for 12 h, and then cooled down naturally to room
temperature. After that, the products were centrifuged and washed
with distilled water and ethanol for 3 times. Finally, the NiO/C
products could be acquired by calcining the obtained precursor at
600 �C for 2 h in N2 atmosphere.

2.4. Characterizations

The crystal structures of the products were determined by XRD
patterns with a X-ray diffractometer (XRD, D8 Advance, BRUKER,
Germany) and 2q ranges from 10� to 80�, using Cu Ka radiation
(l¼ 0.1540 nm). The morphologies and microstructures of the
products were investigated by field emission scanning electron
microscopy (SEM, S-4800, Hitachi, Japan) with an accelerating
voltage of 30 kV and the interior hollow structure of the products
could be observed by the transmission electron microscopy
(TEM, JEM-1200EX, Japan). Thermal stability was studied by
heating the sample in a thermogravimetric analyser (TGA,
NETZSCH STA 449F3, Japan) at 10 �C min�1 in air atmosphere from
30 to 800 �C. The surface area were analyzed by the Brunaner-
Emmett-Teller (BET) method using an BELSORP-MiniⅡapparatus
(Microtrac Bel Co. Ltd, Japan).

2.5. Electrochemical measurements

In order to test the electrochemical performance of the Li-ion
anode, the as-prepared active products were adjusted as 80wt%
by 10wt% carbon black and 10wt% polyvinylidene fluoride (PVDF)
dissolved in N-methy-2-pyrrolidone (NMP) to form a slurry, which
was then coated onto a copper foil (current collector), dried at 80 �C
for 10 h, and finally pressed under the pressure of 10MPa. After-
ward, the CR2016 coin-type cells were assembled in a highly pure
argon-filled glovebox where both moisture and oxygen levels were
less than 1 ppm. For LIBs, the lithium foils were used as the test
electrodes, the metallic lithium counter/reference electrolyte, a
polypropylene separator(Celgard 2400), and an electrolyte of 1M
LiPF6 in ethylene carbonate and diethyl carbonate (EC/DMC,
1/1 vol). Cyclic voltammetry (CV) experiments were conducted by
using a CHI 660E (Shanghai Chenhua Co. Ltd., China) electro-
chemical workstation at a scan rate of 0.5mV s�1 between 0.005 V
and 3 V vs. Li/Liþ. Charge-dischargemeasurementswere carried out
galvanostatically at a current density of 100mA/g in the voltage
range of 0.005e3.0 V using a battery test system (LAND CT2001A
model, Wuhan Jinnuo Electronics. Ltd., China). Electrochemical
impedance spectroscopy (EIS) were tested by using a CHI 660E
electrochemical workstation in the frequency range of 1e105 Hz at
the open circuit potential.

3. Results and discussion

3.1. Characterizations of the as-prepared samples

The compositions and crystal phases of the NiO/C hollow



Fig. 1. XRD patterns of (a) NiO/C hollow microspheres, (b) NiO hollow microspheres
and (c) NiO particles prepared without template.

Fig. 2. SEM images of (a) yeast template, (b) NiO microspheres before calcination, (c) and (
template and (f) NiO/C hollow microspheres.
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microspheres, NiO hollow microspheres prepared with templates,
and NiO particles prepared without templates were characterized
by XRD, Fig. 1. All the diffraction patterns show peaks at 37.24�,
43.27�, 62.87� and 75.41� of 2q, which can be assigned to the (111),
(200), (220) and (311) crystal planes of the NiO (JCDPS # 47e1049).
No additional peaks from the impurities are observed in the NiO
patterns, demonstrating that the NiO samples prepared with and
without templates are of high purity and good crystallinity. The
observed diffraction peak at 22.76� can be assigned to the (002)
crystal planes of C (JCDPS # 41e1487) in the NiO/C materials.
However, the profile of C peaks is wide and not sharp, indicating
poor crystallinity of C. Meanwhile, as for the NiO/C product, the
observed three diffraction peaks at 44.507�, 51.846� and 76.370� of
2q can be assigned to the (111), (200) and (220) crystal planes of Ni
(JCDPS # 50e0926). The generation of Ni elementary substance
may be caused by the redox reaction between C and NiO in N2
atmosphere.

Fig. 2a shows the SEM images of the original morphology of
yeast. The yeast is observed to be approximately spherical with the
diameter ranging from 2 to 2.5 mm. Fig. 2b&c reveal the
morphology of the NiO hollow microspheres before and after
calcination at 600 �C. The calcined samples are observed to have
d) NiO hollow microspheres after calcination, (e) NiO particles prepared without yeast



Fig. 4. TG pattern of NiO/C hollow microspheres.

J. Tian et al. / Electrochimica Acta 261 (2018) 236e245 239
retained the morphology of the yeast template even though the
template was removed. The obtained NiO samples are observed
relatively uniform nano structures with hollow interiors and with
an averaged diameter ranging from 1.5 to 2 mm. A cracked hollow
microsphere is shown in Fig. 2d, demonstrating the hollow struc-
ture of the samples. The diameter of the NiO hollowmicrospheres is
smaller when compared to the products before calcination, which
may be due to the removal of yeast template and the shrink of the
NiO cell. Fig. 2e shows the SEM images of the NiO particles prepared
without yeast templates. The as-prepared NiO products are small
particles with the diameter around 50 nm. Meanwhile, Fig. 2f
shows the SEM images of the NiO/C hollow microspheres. The
microspheres also retain the spherical morphology of the templates
with the diameter around 1 mm.

In agreement with the SEM results, the NiO hollowmicrosphere
structure can be clearly observed from the TEM images and the
shell thickness is around 500 nm, Fig. 3a. At the same time, Fig. 3b
shows a low magnification TEM image of the NiO/C microspheres,
the as-prepared NiO/C products are composed of small particles
with the diameter around 40 nm, Fig. 3c. Fig. 3d shows the high
resolution (HR) TEM image of NiO/C microspheres. The lattice-
resolved image of NiO/C microspheres shows a lattice spacing of
0.209 nm, corresponding to the d-spacing of (200) crystal planes of
NiO. But the lattice fringe of C is not observed, which is coincided
with the XRD analysis of poor crystallinity of C.

Thermogravimetric analysis (TGA) of NiO/C was investigated
and the result is shown in Fig. 4. The data illustrates the weight of
examples has no obvious change below 400 �C, while a weight loss
of approximately 30wt% is due to the oxidation of carbon of NiO/C
between 400 and 540 �C. Based on the analysis of TGA, the weight
ratio of C and NiO in NiO/C composites is about 3:7.

The N2 adsorption/desorption isotherms and the accumulated
pore size distributions of NiO prepared without templates, NiO
hollow microspheres and NiO/C hollow microspheres were inves-
tigated, as illustrated in Fig. 5. It is obvious that the N2 adsorption/
desorption of samples all exhibit the type Ⅳ nitrogen adsorption
branch. The type-H3 hysteresis loop existing in isotherms reveals
Fig. 3. TEM images of (a) NiO hollow microspheres, (b) and (c) NiO/C hol
the presence of mesopores in the all samples and the pore sizes are
described in detail in the inset of Fig. 5. As shown in Table 1, it is
found that NiO/C shows the largest surface area of 193.21m2 g�1

which is found to be 15 times and 4 times larger than that of NiO
prepared without templates and NiO hollow microspheres.
Compared with NiO hollowmicrospheres, the decrease of pore size
of NiO/C maybe attribute to the release of gas during the carbon-
ization process.

3.2. Influencing factors

The factors such as the concentration of Ni(NO3)2, the calcina-
tion temperature and the aging time were observed to play
important roles in the formation of special morphology and the
crystal type of the NiO hollow microspheres. The Ni(NO3)2
low microspheres, (d) HRTEM images of NiO/C hollow microspheres.



Fig. 5. N2 sorption isotherms and accumulated pore size distribution: (a) NiO prepared
without templates, (b) NiO hollow microspheres, (c) NiO/C hollow microspheres.

Table 1
BET surface area and pore volume of samples.

Samples BET surface
area (m2 g�1)

Average pore
size (nm)

NiO without templates 13.68 29.96
NiO hollow microspheres 50.68 4.12
NiO/C hollow microspheres 193.21 13.79
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concentration was observed to play an essential role in controlling
the morphology of the products. Uniform NiO hollowmicrospheres
could be obtained at a concentration of 0.5M, Fig. 6b. The molar
ratio of Ni(NO3)2 and NH4HCO3 was always maintained at 1/1.
When the concentration of Ni(NO3)2 was decreased to 0.25M, no
complete sphere was found, Fig. 6a. It might be because that the
amount of Ni2þ was unable to coat the entire surface of the yeast
templates, and the shell was not thick enough to maintain the
spherical structure. However, when the concentration of Ni(NO3)2
was increased to 1M, the yeast template lost its structure directing
effect to the final product due to the high content of the salt solu-
tion, which lead to the NiO particles become agglomerated and
cracked, Fig. 6c.

The influence of the calcination temperature on the crystal
phases of the products was investigated under a calcination time of
2 h. As shown in Fig. 7, the XRD patterns (Fig. 7d) shows the
as-prepared sample presents broad diffraction bands, indicating its
poor crystallinity at <600 �C. After calcined at 600 �C for 2 h,
diffraction peaks become pronounced and the diffraction peaks at
37.24�, 43.27�, 62.87� and 75.41� can be assigned to the (111), (200),
(220) and (311) crystal planes of the NiO (JCDPS # 47e1049). This is
because that the crystallization degree of sample grows as the
increase of temperature. At 300e450 �C, the sample is mainly
amorphous due to relatively small degree of crystallization,
resulting the samples showed poor crystallinity. As the tempera-
ture increase, the crystallization degree of crystal increases, which
resulted better degree of crystallinity at 600 �C [49]. Meanwhile, it
is illustrated clearly in Fig. 7a, b and c that the NiO hollow micro-
spheres obtained at a calcination temperature of 450 �C and 600 �C
show an averaged diameter ranging from 1.5 to 2 mmwhich is found
to be significantly smaller than the diameter from 2 to 3 mm of
products calcined at 300 �C. The changes of diameter of samples
can be attributed to the greater degree of carbonization yeast at
high calcination temperature to reduce the volume of NiO to a
greater extent.

Fig. 8 shows the SEM images of the products from different
ageing time while keeping all other parameters identical. The NiO
microspheres with uniform size could be obtained when the ageing
timewas less than 12 h, Fig. 8 a&b.When prolonging the aging time
to 24 h, the NiO microspheres become irregular and imperfect.
With increasing the aging time, the NiO microspheres tend to be
uniform. The reason might be that when aging time is overlong, the
yeast cells will shrink because of water loss, leading to dents or
damage on the surface of NiO particles.

3.3. Formation mechanism

From the observed XRD, SEM and TEM results, the possible
pathway for the formation of the NiO/C hollow microspheres was
proposed. The whole process mainly undergoes the following four
stages as shown in Scheme 1. Firstly, there are many reactive
functional groups on the cell wall of the yeast, such as carboxyl and
hydroxyls groups which are able to bind mental cations through
coordination or electrostatic attractions. When Ni(NO3)2$6H2O was
added into the yeast aqueous solution and stirred for 1 h at room
temperature, the yeast would gradually adsorbed Ni2þ through the
coordination or electrostatic attractions between the inherent
functional groups on the cell walls and Ni2þ from Ni(NO3)2$6H2O
solution. The yeast served as a hard template to direct the hollow
microsphere morphology of the products. In the second-step, the
yeast/Ni(OH)2 core-shell spheres were formed when NH4HCO3 was
added to the system. After this process, the resultant yeast/Ni(OH)2
core-shell spheres had a morphology very similar to the yeast
template. Thirdly, after calcination, the yeast/Ni(OH)2 core-shell
spheres were converted to NiO hollow microspheres, and the NiO



Fig. 6. SEM images of the NiO products obtained with a Ni(NO3)2 concentration of (a) 0.25, (b) 0.5, and (c) 1M.

Fig. 7. SEM images of the NiO products calcined at (a) 300, (b) 450, and (c) 600 �C and (d) XRD patterns of the NiO products gained at different temperature.

Fig. 8. SEM images of the products from an ageing time of (a) 6, (b) 12, and (c) 24 h.
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hollow microspheres retained the original morphologies of the
yeast templates. At the same time, along with the ashing of the
yeast template, the volume of the as-prepared NiO hollow micro-
spheres was slowly contracting inward. Finally, the NiO/C hollow
microspheres were synthesized via a hydrothermal method by
using glucose as the carbon source.
3.4. Electrochemical performance in LIBs

To investigate the electrochemical performance of the NiO/C
hollow microspheres as an anode for lithium ion batteries,
discharge/charge cycling was carried out in the voltage range of
0.005e3.0 V (vs Li/Liþ) at a current density of 100mA/g at room



Scheme 1. Schematic illustration of proposed formation mechanism of NiO/C hollow microspheres.

Fig. 9. Charge/discharge profile of the NiO/C hollow microspheres.

Fig. 10. Rate performance of the NiO/C hollow microspheres.
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temperature. Fig. 9 shows the typical charge/discharge profiles of
the as-prepared NiO/C hollow microspheres in the 1st, 50th and
100th cycles. The shape of the profiles did not change significantly
during the cycling, indicating good stability of the NiO/C hollow
microspheres as an anode. In the first discharge process, the con-
stant slops at 0.7 V indicates the initial reduction of Ni2þ to Ni0 and
the formation of a partially reversible solid electrolyte interface
(SEI) layer, consistent with the literature reported [50]. At the same
time, a plateau at ~2.0 V is observed, Fig. 9. These plateaus are due
to the reversible oxidation/reduction of Ni/NiO and Li/Li2O during
the Liþ insertion/extraction [51]. The relative reactions are pre-
sented as follows [52,53]:

NiOþ 2Li#Ni þ Li2O (1)

Rate performance is another important precondition to apply as
anodematerial in Li-ion batteries. Therefore, the as-prepared NiO/C
hollow microspheres were examined with different current den-
sities, Fig. 10. Each step comprised of 10 charge/discharge cycles at
different current density from 100 to 1000mA/g. The results show
that the as-obtained NiO/C hollow microspheres keep a discharge
capacity of 602, 478 and 412mAh/g at a current density of 100, 200
and 500mA/g, respectively. It should be noticed that even at an
extremely high current density of 1000mA/g after 10 cycles, the
discharge capacity still remains at 336mAh/g. At the same time,
when the current rate is turned back to low current rate (such as
100mA/g), the discharge capacity can be recovered to 599mAh/g,
99% retention of the initial capacity. The results indicate that the
as-prepared NiO/C hollow microspheres can tolerate high current
charge/discharge cycling and meet the requirements of LIBs for the
fast charge and discharge.

In order to investigate the electrochemical properties of the NiO
materials, cyclic voltammetry (CV) curves with a potential range of
0.005e3 V vs. Li/Liþ at a scan rate of 0.5mV s�1 and Electrochemical
impedance spectroscopy (EIS) tests in the frequency range of
1e105 Hz after 100 cycles at a current rate of 100mA g�1 were
carried out, respectively. The result of CV curves is shown in Fig. 11.
The peak locating at approximately 0.7 V in negative scanning
process corresponds to the initial reduction of NiO to Ni accom-
panied with the formation of Li2O, while the peak in 2.3 V reveals
the oxidation of Ni0 to Ni2þ along with the decomposition of Li2O.



Fig. 11. CV curves of NiO/C hollow microspheres at a scanning rate of 0.5mV s�1.
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Below ~0.5 V, there is a steep voltage drop, which is attributed to
electrolyte decomposition accompanied with the formation of SEI
film formation. A shark peak appears near 0 V, which is related to
Liþ insertion into the carbon layer. Moreover, the CV curves are
stable and well overlapped after 2nd cycle, indicating high elec-
trochemical reversibility and good capacity retention for the NiO/C
microspheres electrodes.

As it is shown in Fig. 12, the discharge capacity for all the
as-prepared NiO materials droped rapidly in the first cycle due to
the formation of amorphous Li2O matrix and intense surface
reactions with the LieNi compounds and the electrolyte solution
[54]. From the second cycle to the 100th cycle, the NiO/C hollow
microspheres and NiO hollow microspheres showed a highly
reversible behavior compared with the NiO particles prepared
without the yeast template. In the second cycle, the NiO/C and NiO
hollow microspheres exhibited a discharge capacity of 760 and
785mAh/g, respectively, which are higher than the NiO particles
(345mAh/g). From Fig. 9, when compared with the NiO hollow
microspheres, the discharge capacity of the NiO/C hollow micro-
spheres is observed lower before 25 cycles, that may be caused
by the lower capacity of carbon [55]. But, after 25 cycles, the
advantages of NiO/C hollow microspheres in electrochemical
Fig. 12. The cycle performance of (a) NiO/C hollow microspheres, (b) NiO hollow
microspheres and (c) NiO particles prepared without templates.
performances are gradually appearing. At the 100 cycles, the
discharge capacity of NiO/C microspheres is 628mAh/g, which is
about 100% retention of the reversible capacity of the 25th.
However, the discharge capacity of NiO hollowmicrospheres is only
191mAh g�1, which is just about 28% retention of the reversible
capacity of the 25th. Thus, it can be seen that the NiO/C micro-
spheres exhibit superior discharge capacity and cycling perfor-
mance. The carbon coated NiO microspheres with an internal
hollow structure and approximate sphere shape can help to build a
better conductive network which can provide structural stability
for volume change and promote the electron transfer during the
lithiation and delithiation process. And the improved performance
observed also should be attributed to good dispersion which can
make the as-prepared product have a good contact with the
electrolyte. During the charge/discharge process, the Liþ ionswould
be able to diffuse and react with the NiO product easily, leading to
the enhanced electrochemical performance as anode materials for
LIBs.

The Nyquist plots of samples are shown in Fig. 13, which exhibit
the same tendency including a semicircle followed by a slanted
straight line. A semicircle at a high frequency due to a parallel
combination of electrical double layer capacitance (Cdl) and
activation resistance from kinetic effect are related to charge
transfer resistance (Rct) and the surface film resistance (Rsf). The
slant at low-frequency region is due to diffusion of Liþ in the bulk of
the electrode corresponding to Warburg impedance (ZW). Electro-
lyte resistance (Re) can be measured according to the intercept at a
very high frequency region. The data in Table 2 reveals that the Rct
value of NiO/C hollow microspheres of 185U is smaller than that of
NiO of 252U and NiO without templates of 453U, which can be
explained by the significant enhancement of electronic conduc-
tivity of NiO/C composite electrode prepared by coating of a layer of
conducting carbon on the non-conducting NiO particles. That the
NiO/C hollowmicrospheres show the largest slope of three samples
Fig. 13. Nyquist plot of NiO/C hollow microspheres, NiO hollow microspheres, NiO
without templates after 100 cycles.

Table 2
Re, Rsf and Rct of samples.

Samples Re (U) Rsf (U) Rct (U)

NiO without templates 129 389 453
NiO 74.5 252 252
NiO/C 49.3 200 185
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in the low-frequency region illustrates the improvement of diffu-
sion of lithium ion in the electrode. Therefore, the electrochemical
performance of particles can be significantly enhanced by using
yeast to prepared and coating carbon on its surface.

4. Conclusion

A facile bio-template method to prepare NiO/C hollow micro-
spheres was reported. The as-prepared product maintained the
morphology of yeast templates very well with a uniform diameter
of 1.5e2.0 mm. The parameters including the concentration of
[Ni(NO3)2$6H2O], the calcination temperature and the aging time
can affect the morphology and crystal type of the NiO micro-
spheres. The electrochemical test results show that when
compared with the NiO hollow microspheres and NiO particles
prepared without templates, the NiO/C hollow microspheres
exhibit a better cycling stability. This synthesis method may
provide a facile, economic, and green strategy for the preparation of
other metal oxides with hollow microspheres structure, and the
better Li-storage performance implies that the as-prepared NiO/C
hollow microspheres are promising anode materials for highly
efficient LIBs.
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